Summary. The pancreases of fasted mongrel puppies (n = 4) were isolated and peffused in a non-recirculating system with an oxygenated Krebs Ringer bicarbonate buffer. The gland remained in situ and innervated. Bilateral stimulation of the splanchnic trunks (20 V, 5 Hz, I msec) resulted in a significant decrease in somatostatin (57 + 10%, p < 0.01) and insulin (71 + 3%, p < 0.01), secretion rates, together with a significant increase in pancreatic peffusion pressure (53 _+ 6%, p < 0.05). Perfusate glucose concentration remained constant during stimulation. No difference was found between three, three minute stimulations in any one dog, but significant differences were found among the dogs in the prestimulation somatostatin secretion rate in spite of the similarities in the buffer glucose concentration.
Materials and Methods
Experiments were conducted with four chloralose-anaesthetized male or female mongrel puppies (3-6 kg) which had been fasted for 15 hours prior to the experiments. Following anaesthesia, the animals were maintained on positive pressure respiration with room air.
Somatostatin, a tetradecapeptide, discovered in the hypothalamus [ 1] and later identified in the D cells of the pancreatic islets [2] , has been shown to inhibit many important metabolic processes, including the secretion of insulin and glucagon (for review see [3] ). Study of the stimuli which release somatostatin from the pancreas may contribute to an understanding of its physiological role. Schauder et al. [4] demonstrated increased release of somatostatin from isolated islets stimulated by glucose or theophylline. Ipp et al. [5] , using the perfused canine pancreas, reported that a number of intestinal hormones caused a somatostatin secretory pattern similar to that of insulin.
The effects of splanchnic nerve stimulation on pancreatic somatostatin secretion have not been
Surgery
Catheters (PE100, Clay Adams) were introduced into the right femoral artery and vein for blood pressure determination and for administration of anaesthetic. The abdomen was opened with a cruciform incision using electrocautery. The-caudal mesenteric artery was tied and a splenectomy performed. The common bile duct and all branches of the eoeliac axis, except the superior pancreaticoduodenal artery and the splenic artery were ligated. The coeliac axis and the cranial mesenteric artery were isolated by carefully dissecting the connective tissue and nerves away from the vessels near their aortic origins. All of its branches, as well as the distal portion of the cranial mesenteric artery itself, except the inferior pancreaticoduodenal branch, were ligated. The pancreas was separated from the duodenum by ligation of the arterial twigs between the two organs. Sutures were passed around the oesophagus and pylorus and tied. Perfusion was begun by catherization of the celiac axis and cranial meseuteric artery with flanged catheters (PE190, Clay Adams) through which oxygenated buffer (see below) was flowing. The portal vein was catherized (PE260, Clay Adams) approximately 1 cm cranial to the entrance of the pancreaticoduodenal vein. Negative pressure was maintained in the portal vein by placing the free end of the catheter 50-75 cm below the vein.
The main splanchnic trunks were isolated bilaterally and fitted with fluid filled electrodes [11] and each animal was placed in a plexiglass box (Vanderbilt Instrumentation Shop, Vanderbilt University, Nashville, Tenn.) automatically maintained at 38~ Blood pressure, body temperature, plasma glucose, pancreatic perfusion pressure, and pancreatic temperature were monitored throughout each experiment.
Perfusate
The perfusate was a Krebs-Ringer bicarbonate buffer. It contained (in g/l) NaCI 7.6, KCL 0.25, KH2PO 4 
Experimental
After a 15 rain equilibration period, the response to bilateral splanchnic nerve stimulation (5 Hz, 20 Volts, 1 msec) was tested prior to the beginning of the experimental protocol. Stimulation was deemed satisfactory when a rise of at least 25 mmHg in the perfusion pressure occurred immediately after stimulation commenced. The actual experimental protocol consisted of 3, 3 min bilateral splanchnic nerve stimulations 15rain apart (Fig. 1) . Before, during and after each stimulation, samples were collected for 15 seconds in graduated tubes for flow determination and assay. Hormone secretion rates were calculated as the products of flow and concentration. At the end of each experiment, the insulin secretory response of each pancreas was tested by a pancreatic arterial infusion of glucose sufficient to raise the buffer concentration to 300 mg/dl. Samples were frozen in polyethylene tubes for measurement of insulin, glucose and somatostatin (collected with aprotinin, 500 KIU/ml of sample). Immunoreactive insulin [12] and somatostatin (kit purchased from Immuno Nuclear, Inc. P.O. 285, Stillwater, MN. 55082) were assayed by double antibody techniques. The somatostatin antiserum was reported, by the company, to show no cross reactivity with beta endorphin, substance P, leucine enkephalin, methionine enkephalin, arginine vasopressin, leucine vasopressin, oxytocin, LHRH, insulin, glucagon, glucose, TRH, or VIP. In our laboratory, we found that the somatostatin antiserum did not cross react with pancreatic polypeptide, VIP, or TRH. The intra-assay coefficient of variation was 8%, and the interassay coefficient of variation was 9.5%. The assay was able to detect 16-32 pg/ml of sornatostatin as being significantly different from 0 with 95% confidence.
We found recovery of known amounts of somatostatin comparable when they were added to pancreatic effluent samples which were collected before, during and after nerve stimulation. Thus nerve stimulation did not enhance somatostatin breakdown in the pancreatic effluent.
Insulin secretion rate (ISR) and somatostatin secretion rate (SSR) were calculated as the product of the effluent hormone concentration and the buffer flow. Glucose was assayed with an automated glucose-oxidase technique (Yellow Springs Instruments [ 13] ). Experiments were chosen for somatostatin assay only if the ISR decreased and the blood perfusion and pressure increased during splanchnic nerve stimulation (Table 1) . All experiments in which somatostatin was assayed are reported. The mean integrated somatostatin secretion rate (SSR) and the mean integrated insulin secretion rate (ISR) were calculated as the areas under the secretion rate curves. The areas before and during stimulation were compared by a sign test and an analysis of variance [14] . In Table 1 , comparisons were made by Student's paired t-test.
Results
As shown in Figure 1 , the SSR decreased immediately in every stimulation (p < 0.01). The analysis of variance of the SSR demonstrated a decrease in the SSR with nerve stimulation (p < 0.01), a difference between dogs in the SSR (p < 0.01), and no difference between successive nerve stimulations in any .single dog. Changes in ISR (p < 0.01), peffusion pressure (p < 0.05), mean arterial pressure (p < 0.01), and buffer glucose concentration during stimulation and after glucose infusion are shown in Table 1 . The only significant change in buffer glucose occurred during the pancreatic arterial injection of glucose which was made to test the insulin response (p < 0.01, see glucose injection, Table 1 ) at the end of each experiment. Table 1 . Average values determined for the 2 min before (pre), the three min during (stim) and the 5 min after (post) bilateral splanchnic nerve stimulation. The basal somatostatin secretion rates (n = 4) were (in ng/min.g pancreas) 0.09, 0.63, 0.21, and 0.59 for the two rain prior to nerve stimulation. Splanchnic nerve stimulation elicited significant changes during all 3 stimulations in immunoreactive somatostatin (p < 0.01), insulin secretion rate (p < 0.01), pancreatic perfusion pressure (p < 0.05), pancreatic effluent flow (p < 0.01) and mean arterial pressure (p < 0.05) (n ---4, paired t-test). The only significant change in buffer glucose (p < 0.01) occurred after the pancreatic arterial glucose injection used to test the insulin secretory response at the end of each experiment 
Discussion
Splanchnic nerve stimulation is accompanied by a decreased SSR. The decrease in SSR is associated with significant decreases in concentration as well as flow (Table 1) . It seems, therefore, that splanchnic nerve stimulation decreases SSR by an interaction with the islet cells as well as an action on the pancreatic vasculature. Decreased ISR and increased perfusion pressure with splanchnic nerve stimulation confirm previous work in this laboratory [6] . Since phentolamine has been shown to block this sympathetically induced suppression of the ISR [6] , the decreased ISR and SSR demonstrated in the present study may be explained by activation of post-synaptic adrenergic receptors. Support for this hypothesis comes from Samols and Weir [10] who found that a adrenergic agonism, generated by infusing epinephrine plus propranalol, decreased somatostatin secretion. The decrease was blocked by phenoxybenzamine. The present study does not exclude the possibility that the observed decrease is mediated by cholinergic or peptidergic transmitters.
The observed differences in SSR among dogs, despite the small variance in the buffer glucose concentration, is similar to that found by Samols and Weir [10] . This interesting finding is currently not explained.
Autonomic nerves have previously been shown to evoke alterations in the secretory rate of insulin, glucagon, and pancreatic polypeptide. The present study indicates that the SSR is influenced by splanchnic nerve stimulation. Since vagal stimulation increased antral luminar SSR [15] and decreased portal vein somatostatin concentration [16] it appears that intestinal somatostatin is subject to alterations by the parasympathetic nerves. We conclude that enteric somatostatin secretion is influenced by the autonomic nervous system, supporting the contention that neural mechanisms play a role in the regulation of somatostatin as well as the other hormones of the endocrine pancreas.
